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1
RESIDUAL-CURRENT CIRCUIT BREAKER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a U.S. National Phase application under
35 US.C. §371 of International Application No. PCT/
AT2012/000031, filed on Feb. 16, 2012, and claims benefit to
Austrian Patent Application Nos. AT A 203/2011, filed on
Feb. 16, 2011, and AT A 1832/2011, filed on Dec. 14, 2011.
The International Application was published in German Aug.
23,2012, as WO 2012/109684 A1 under PCT Article 21 (2).

FIELD

The invention applies to a residual-current circuit breaker
(RCCB).

BACKGROUND

Residual-current circuit breakers are designed and con-
structed to trip when a residual current of predefined magni-
tude occurs, and to separate a downstream sub-grid from an
upstream power supply grid by opening breaker contacts,
thereby protecting persons from dangerous body currents and
equipment from fire. However, residual-current circuit break-
ers, the tripping conditions whereof depend solely on the
magnitude or amplitude of an occurring residual current, have
the disadvantage that these trip even with very briefly occur-
ring currents greater than a tripping residual current of the
pertinent residual-current circuit breaker, which do not con-
stitute a hazard for persons or equipment, whereby down-
stream technical installations are unnecessarily disconnected.
Not only can costs be thereby incurred due to reduced grid
availability, but technical processes can also be compro-
mised.

Residual-current circuit breakers with a so-called G-char-
acteristic or F-characteristic provide considerable help with
the aforementioned problem. Residual-current circuit break-
ers of this kind have brief time delays incorporated into their
tripping processes, and only trip if the residual current in
question exceeds a particular duration. It has been shown,
however, that known types of such residual-current circuit
breakers nevertheless trip when residual currents amounting
to a half-wave in shape and duration, even though such
residual current do not present any hazard whatsoever. Thus it
still comes down to unnecessary grid disconnections, com-
promising technical processes and causing repair and main-
tenance expenses.

SUMMARY

In an embodiment, the present invention provides a
residual-current circuit breaker including switching contacts
and at least one residual current detector configured to deter-
mine a residual current signal. The residual-current circuit
breaker is configured to bring about an opening of the switch-
ing contacts upon the detection of a residual current greater
than a pre-definable tripping current. A first circuit arrange-
ment is configured to inhibit tripping of the residual-current
circuit breaker when a residual current occurs that has a
duration that is shorter than half a period of a grid frequency
of an associated electrical grid.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in even greater
detail below based on the exemplary figures. The invention is
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2

not limited to the exemplary embodiments. All features
described and/or illustrated herein can be used alone or com-
bined in different combinations in embodiments of the inven-
tion. The features and advantages of various embodiments of
the present invention will become apparent by reading the
following detailed description with reference to the attached
drawings which illustrate the following:

FIG. 1 shows a first preferred embodiment of a residual-
current circuit breaker in terms of the invention as a block
circuit diagram with a first circuit arrangement;

FIG. 2 shows sub-assemblies of the residual-current circuit
breaker according to FIG. 1 with a first preferred embodiment
of' the first circuit arrangement as a block circuit diagram;

FIG. 3 shows sub-assemblies of the residual-current circuit
breaker according to FIG. 1 with a second preferred embodi-
ment of the first circuit arrangement as a block circuit dia-
gram,

FIG. 4 shows a third preferred embodiment of the first
circuit arrangement as a block circuit diagram;

FIG. 5 shows a fifth preferred embodiment of the first
circuit arrangement as a block circuit diagram;

FIG. 6 shows a fifth preferred embodiment of the first
circuit arrangement as a block circuit diagram;

FIG. 7 shows a second preferred embodiment of a residual-
current circuit breaker in terms of the invention as a block
circuit diagram with a first circuit arrangement;

FIG. 8 shows sub-assemblies of the residual-current circuit
breaker according to FIG. 7 with a sixth preferred embodi-
ment of the first circuit arrangement as a block circuit dia-
gram; and 7

FIG. 9 shows a third preferred embodiment of a residual-
current circuit breaker in terms of the invention with a first
circuit arrangement.

DETAILED DESCRIPTION

An aspect of the invention is to provide a residual-current
circuit breaker of the aforementioned type in which the dis-
advantages mentioned in the background can be avoided,
with which the number of unnecessary grid disconnections
and their consequences can be reduced, and the availability of
electrical power can be improved.

In an embodiment, the present invention provides a first
circuit arrangement configured to inhibit tripping of the
residual-current circuit breaker when a residual current
occurs that has a duration that is shorter than half a period of
a grid frequency of an associated electrical grid.

In this manner, the number of unnecessary grid disconnec-
tions can be reduced and the availability of electrical power
can be improved. In this manner it can definitely be ensured
that, when a residual current occurs with a duration of about
half a wave of the grid frequency, no sub-grids connected
downstream of the pertinent residual-current circuit breaker
in terms of the invention will be disconnected. The stability
and the execution of technical processes which are tied to the
availability of electrical power can thereby be improved,
while still ensuring protection when a genuine fault occurs.

The invention further provides, in an embodiment, a
method for operating a residual-current circuit breaker.

FIGS. 1, 7 and 9 each show preferred embodiments of a
residual-current circuit breaker 1 with switching contacts 8
and at least one residual current detector 2 for detecting a
residual current, the residual-current circuit breaker 1 being
so constructed as to cause opening of the switching contacts
8 when a residual current occurs that is greater than a pre-
definable tripping current, the residual-current circuit breaker
1 having a first circuit arrangement 4, so constructed as to
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inhibit tripping of the residual-current circuit breaker 1 when
a residual current occurs with a duration less than half a
period of a grid frequency of an electrical grid.

Due to the construction of the first circuit arrangement 4,
the number of unnecessary grid disconnections and their con-
sequences can be reduced, and the availability of electrical
power improved. It can thus be definitely ensured that, when
a residual current occurs with a duration of about half a wave
of'the grid frequency, no sub-grids connected downstream of
the pertinent residual-current circuit breaker in terms of the
invention will be disconnected. The stability and the execu-
tion of technical processes which are tied to the availability of
electrical power can thereby be improved, while still ensuring
protection when a genuine fault occurs. In particular it is
provided that the tripping of the pertinent residual-current
circuit breaker 1 is only inhibited during the relevant time
period.

The residual-current circuit breaker 1 is a switching device,
serving as protection against accidental contact with surfaces,
with breaks the electrical circuit as soon as a residual current
is detected, caused by a fault to frame or other ground fault, at
a predetermined level.

Especially preferred—and described in detail in the fol-
lowing—is a residual-current circuit breaker 1 with switching
contacts 8 and at least one residual current detector 2 for
determining a residual current signal, the residual-current
circuit breaker 1 causing the opening of the switching con-
tacts 8 when a residual current greater than a tripping current
occurs, the residual-current circuit breaker 1 having a first
circuit arrangement 4 with a first switching element 12, the
first switching element 12 being connected by circuitry with
an energy storage component 5 of a tripping circuit, the first
switching arrangement including a first timer which is con-
nected by circuitry with the first switching element 12, the
first timer 14 closing the first switching element 12 for only
the duration of a first time period upon detecting a residual-
current signal of predefined magnitude, and the first switch-
ing element 12, when closed, connecting an output of the
energy storage component 5 with an electrical earth, or bridg-
ing the energy storage component to earth.

The electrical grid preferably consists of that electrical grid
which is monitored by the residual-current circuit breaker for
the appearance of residual currents, and which in the event of
a fault is disconnected by the residual-current circuit breaker.

In order to break the electrical circuit, a residual-current
circuit breaker 1 has switching contacts 8 which, in the event
of a residual current deemed hazardous, break the electrical
circuit by opening the switching contacts 8.

The process by which the residual-current circuit breaker
breaks the electrical circuit is hereinafter called the tripping of
the residual-current circuit breaker 1.

In order to detect the residual current, a residual-current
circuit breaker 1 has at least one residual current detector 2. In
the process, the residual current detector 2 monitors the elec-
trical lines 9, which connect a downstream sub-grid with an
upstream power supply grid. The residual current detector 2
can be constructed in various ways.

It has proven especially advantageous to construct the
residual current detector 2 as a current transducer or as a
summation current transformer. In other possible embodi-
ments, the residual current detector 2 can be constructed as a
fluxgate magnetometer or as a shunt resistor or combinations
of the abovementioned embodiments.

The residual current detector 2 transduces the residual
current, which is the difference between the inflowing and
outflowing electrical current, into an error signal.
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In the figures, preferred embodiments of the concrete
invention are illustrated as block circuit diagrams. The con-
necting lines between the individual blocks thus do not nec-
essarily represent a single electrical connection, but rather
represent the sum of all necessary circuitry connections
between two blocks, which need not necessarily be only
electrical.

In FIG. 1, a first technical embodiment of the residual-
current circuit breaker 1 is shown as a block circuit diagram.

The preferred embodiment has a residual current detector
2, which converts the residual current into a residual current
signal. Here, the residual current detector 2 is preferably
constructed as a summation current transformer, which
includes a transformer core, at least one primary winding,
which usually consists of the lines of the electrical grid to be
protected, and at least one secondary winding. The preferred
embodiment of the residual current circuit breaker 1 has a
rectifier 3 which rectifies the residual current signal.

In this preferred embodiment, the residual current signal is
accumulated in an energy storage component 5, in particular
in at least one capacitor 11. Thus the residual-current circuit
breaker 1 can draw the energy required for tripping from the
residual current signal.

In an especially preferred embodiment, the energy storage
component 5 can be constructed as a low-pass filter or as a
part of a low-pass filter.

The preferred embodiment has a comparator 6 which suit-
ably compares the state of charge of the energy storage com-
ponent 5 with a predetermined value, the value corresponding
to a tripping residual current of the respective residual current
circuit breaker 1. The tripping residual current is usually
smaller than a nominal residual current of a particular type of
residual current circuit breaker 1. Thus for example the actual
tripping residual current of a residual-current circuit breaker
1 can preferably, at a nominal residual current of 30 mA, be
75% of the nominal residual current and amount to 22.5 mA.
The actual amplitude or magnitude of the tripping residual
current of the residual-current circuit breaker 1 can be
approximately influenced or determined by an amplification
factor of the rectifier 3 or of the comparator 6.

The preferred embodiment of the residual-current circuit
breaker 1 also has an actuator 7. The input of the actuator 7 is
connected by circuitry with the output of the comparator 6.
The actuator 7 operates the switching contacts 8 and thereby
breaks the circuit when it is triggered by the comparator 6.

It is provided that a residual-current circuit breaker 1 has a
first circuit arrangement 4 which is so constructed as to inhibit
or to prevent or to impede tripping of the residual-current
circuit breaker 1 when a residual current occurs with a maxi-
mum duration of a half-period of the grid frequency of an
electrical grid to be protected.

Thus the pertinent residual-current circuit breaker 1 has, in
other words, a first circuit arrangement 4 for inhibiting the
tripping of the residual-current circuit breaker 1 when a
residual current occurs having a maximum duration of one
half-period of the grid frequency of an electrical grid.

A reduction of unnecessary grid disconnections can
thereby be attained, in that short-duration residual currents,
which usually have no effect on persons, do not lead to trip-
ping of the residual-current circuit breaker 1. In particular,
residual currents occur which constitute a singular event and
are extinguished with a zero-crossing of the grid voltage or
the grid current. Thus it is especially preferred to provide that
the first circuit arrangement 4, upon occurrence of a residual
current with a maximum duration of a half-period of the grid
frequency of the electrical network to be protected, inhibits
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tripping of the residual-current circuit breaker 1. This is not
ensured by conventional short-delay residual-current circuit
breakers 1.

The half-period of the grid frequency for the most fre-
quently used supply grids amounts to 10 ms for the grid
frequency of 50 Hz used e.g. in Europe, 8.3 ms for the grid
frequency of 60 Hz used e.g. in North America, and 29.9 ms
for the railway power supply grid in central Europe, which
has a grid frequency of 16.7 Hz. The half-period of the grid
frequency of an electrical grid to be protected is hereinafter
called the half-period.

The expression “of a duration shorter than a half-period”
thus preferably designates residual currents with a duration of
up to a half-period, preferably including the exact value of the
half-period.

It is preferably provided that a residual-current circuit
breaker 1 in terms of the invention is set to the standardised or
statutorily determined grid frequency. It can be provided,
particularly in areas with high grid frequency fluctuations, for
example undeveloped areas to set or design a residual-current
circuit breaker 1 in terms of the invention to a grid frequency
corresponding in terms of experience to a maximum network
frequency occurring in the region.

A first preferred embodiment of a residual-current circuit
breaker 1 will be described hereinafter. Subsequently, other
preferred embodiments will be described.

The first preferred embodiment of the residual-current cir-
cuit breaker 1 according to FIG. 1 has such a first circuit
arrangement 4 which is constructed for deactivating and/or
disabling a tripping circuit of the residual-current circuit
breaker 1 during a first time period.

By deactivation and/or disabling of a tripping circuit is
meant that the separation of the switching contacts 8 and the
consequent interruption of the circuit of the electrical grid to
be monitored is prevented. This can be attained by many
different preferred embodiments, which will be illustrated
hereinafter.

It has become apparent that, particularly in the preferred
construction of the residual current detector 2 as a summation
current transformer, electrical energy of the residual current
can be stored in electrical components, such as parts of the
summation current transformer 2, which is released after
extinguishing of a short-duration residual current and which
is sufficient to trigger a conventional residual current circuit
breaker 1. It therefore appeared especially advantageous for
attaining the desired effect if the first circuit arrangement 4
inhibited the tripping of the residual-current circuit breaker,
when a short-duration residual current occurred, for a longer
time than the actual duration of the occurrence of the respec-
tive residual current.

It is therefore preferably provided that the first time period
amount to 75%, particularly 60%, preferably at least 50% of
the period length of the electrical grid to be protected. At a
grid frequency of 50 Hz, the first time period, during which
the tripping of the residual-current circuit breaker is inhibited,
is particularly 15 ms, preferably 12 ms and at least 10 ms. In
this connection it is particularly provided that the first time
period amounts at most to the time periods mentioned above.
In this connection it is particularly provided, that the tripping
of'the residual-current circuit breaker is only inhibited during
this period.

In a residual-current circuit breaker 1 in terms of the inven-
tion, it is provided that when a short-duration residual current,
of shorter duration than a half-period of the electrical grid to
be protected, occurs or is detected, the tripping of the
residual-current circuit breaker 1 will be inhibited for at least
the duration of the actual occurrence of the short-duration
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residual current, it being particularly provided to inhibit trip-
ping for an additional time period. Here the additional time
period prevents the possible delayed tripping of the residual-
current circuit breaker 1 due to stored energy, which is caused
by the short-duration residual current. The full time period
during which the tripping of the residual-current circuit
breaker 1 is preferably inhibited is then in preferred embodi-
ments—neglecting the switching times of the electrical com-
ponents employed—the first time period.

In the first preferred embodiment shown in FIG. 1, the
input of the first circuit arrangement 4 is connected through
circuitry with the output of the rectifier 3.

In this preferred embodiment, the first circuit arrangement
4 is connected though circuitry with the energy storage com-
ponent 5 so0 as to inhibit tripping of the residual-current circuit
breaker 1. This can occur e.g. by the first circuit arrangement
4 discharging the energy storage component 5, or preventing
further charging of the energy storage component 5. During
the first time period, the energy storage component 5 is not
further charged.

Another possible embodiment of the invention, not shown,
can consist in that the first circuit arrangement 4 is connected
through circuitry with the comparator 6 or the actuator 7, in
order to inhibit tripping of the residual-current circuit breaker
1, e.g by means of mechanical blocking of the tripping
mechanism.

In the first preferred embodiment according to FIG. 2, the
residual-current circuit breaker 1 is so constructed that the
first circuit arrangement 4 is constructed for discharging an
energy storage component 5 of the tripping circuit during the
first time period following detection of a residual current of
predefinable magnitude, particularly after detecting a
residual current greater than the tripping residual current.

In the first preferred embodiment, the first switching
arrangement 4 includes a first switching element 12, which is
connected through circuitry with the energy storage compo-
nent 5.

The energy storage element in the first preferred embodi-
ment has a capacitor 11 and an electrical resistor 10, which
serves as a charging resistance for the capacitor.

In the first preferred embodiment, the first switching ele-
ment 12 is constructed as a semiconductor switch, particu-
larly as a barrier-layer field-effect transistor, as a smaller
component cost can thereby be attained. What is more, a
semiconductor switch is less fault-prone than a mechanical
switch and allows low-power control.

The first preferred embodiment has a switching element
12, which when closed connects an output of the energy
storage component 5 with an electrical earth.

In the first preferred embodiment, in the event of a residual
current the first switching element 4 will discharge the capaci-
tor 11 of the energy storage component 5 for the first time
period and thereby prevent tripping of the residual-current
circuit breaker, in the event that the residual current does not
persists longer than a half-period.

In the second preferred embodiment according to FIG. 3,
the residual-current circuit breaker 1 is so constructed that the
first circuit arrangement 4 prevents further charging of an
energy storage component 5 of the tripping circuit during the
first time period following detection of a residual current of
predefinable magnitude, particularly following detection of a
residual current greater than the tripping residual current.

The second preferred embodiment also has a first switch-
ing element 12, which can be constructed just as in the first
preferred embodiment.

The first switching element 12 is positioned in the second
preferred embodiment as a two-way make contact ahead of
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the capacitor 11. In a first switching condition of the first
switching element 12, the first switching element 12 is con-
nected to the capacitor 11, whereby it can be charged by the
residual current signal. In the second switching condition of
the first switching element 12, the first switching element
releases the connection with the capacitor and switches to a
second contact which is connected to earth, whereby the
residual current signal is conducted to and electrical earth.

As aresult, in the second switching state of the first switch-
ing element 12, the capacitor 11 is not discharged, but rather
bypassed. The energy storage component 5 is then bypassed
to ground. As a result, the capacitor 11 is not discharged if a
high residual current of short duration occurs, but rather
retains whatever charge state it had prior to the occurrence of
the short-duration residual current. During the first time
period, the residual current signal is conducted past the
capacitor to earth. This makes it possible for the residual-
current circuit breaker to also react to a relevant electrical
fault, while a short-duration residual current signal occurring
in the meantime is filtered out and does not cause any prema-
ture and functionally unfounded tripping.

A third preferred embodiment of the first circuit arrange-
ment 4 is shown in FIG. 4.

D The first circuit arrangement 4 includes in this possible
embodiment a second circuit arrangement 13, for comparing
the residual current signal with a pre-definable value which
represents the tripping residual current. This value can also be
called a limiting value. It is thereby ensured that the first
circuit arrangement 4 is only triggered in the event of a
residual current higher than the tripping residual current.

Moreover, the first circuit arrangement 4 in the third pre-
ferred embodiment according to FIG. 4 includes a first
switching element 12 which is preferably constructed accord-
ing to both of the previously described first and/or second
preferred embodiments.

In the third preferred embodiment, the first switching
arrangement 4 has a first timer 14 for controlling the first
switching element 12 during the first time period.

The first timer 14 preferably closes the first switching
element 12 upon detection of a residual current signal of
pre-definable magnitude, solely for the duration of the first
time period.

According to a further preferred embodiment of the con-
crete invention, itis provided that the duration of the first time
period can be altered in a predefined fashion. In particular, it
is provided in this connection that the first time period can be
directly entered in a residual-current circuit breaker 1 in terms
of the invention. In this connection it can be provided that a
suitably constructed residual-current circuit breaker 1 has an
accessible control element, by means of which either the first
time period can be entered directly and/or by means of which
it is perhaps possible to switch between grid frequencies, such
as from 50 Hz to 60 Hz. The pertinent residual-current circuit
breaker can thereby be adjusted to various application envi-
ronments. It can also be provided that a corresponding
residual-current circuit breaker 1 has a buss interface, and the
first time interval can be set via the buss interface under
computer control.

The first timer 14 is then constructed as an electronic
switch, particularly including flip-flops. In this manner, a
lower component cost can advantageously be achieved. In
this predefined time period, the first timer 14 provides an
output signal.

In the third preferred embodiment shown in FIG. 4, the
output of the second circuit arrangement 13 is connected by
circuitry with the input of the first timer 14. The input of the
timer 14 can with special preference be edge-controlled. Here
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edge-controlled means that the first timer 14 is activated by a
rising edge of the input signal.

By the expression “activation” of a first or second timer 14,
15 is preferably meant, for the purpose of the concrete inven-
tion, that the output signal of the first timer 14 and/or of the
second timer 15 changes its current state in a pre-definable
manner, and particularly that the output signal is set from
“Low” to “High.”

In the third preferred embodiment shown in FIG. 4, the
output of the first timer 14 is connected by circuitry with the
input of the first switching element 12. It can thereby be
achieved that in the event of a residual current signal that is
greater than the predefined value of the second circuit
arrangement 13, the first timer 14 is started and the first
switching element 12 is closed for the duration of the first
time period. Unnecessary tripping of the circuit breaker can
thereby be prevented.

In a further embodiment of the invention, it can be provided
that the first circuit arrangement 4 includes a second timer 15,
for deactivating the first timer 14 during a second time period
consecutive to the first time period. The first timer 14 is
thereby prevented from repeatedly preventing tripping of the
residual-current circuit breaker 1 in the event of consecutive
short-duration residual currents at short intervals, as in this
case tripping of the residual-current circuit breaker 1 would
be desirable, as such residual currents can have negative
effects on persons.

In further development of the invention, one output of the
second circuit arrangement 13 can be connected by circuitry
to the input of the first timer 14 and/or of the second timer 15.
The first timer 14 and/or the second timer 15 is thereby
activated after detection of a residual current signal which is
greater than the predefined value of the second circuit
arrangement 13. The second circuit arrangement 13 is then
possibly constructed as a comparator circuit.

In a further development of the invention, the output of the
second timer 15 can be connected by circuitry with the input
of'the first timer 14. The first timer 14 can thereby be activated
or deactivated by the second timer 15.

Two possible preferred technical embodiments of the first
circuit arrangement 4 are shown in FIG. 5 and FIG. 6.

Here the second time period is longer than the first time
period to prevent consecutive activation of the first timer 14.

The second time period is preferably as long as the tripping
time of the residual-current circuit breaker 1 when a residual
current of the magnitude or amplitude of the tripping residual
current occurs. It can thereby be ensured that a residual cur-
rent occurring consecutive to or in parallel with a short-
duration or singular residual current event can also actually
bring about tripping of the residual-current circuit breaker 1,
provided that such tripping is required for safety reasons. The
specific length of the second time period is consequently
dependent on the respective nominal or tripping residual cur-
rent of a residual-current circuit breaker 1.

The second timer 15 is then also constructed as an elec-
tronic switch, including with special preference flip-flops. A
lower component cost can thereby be advantageously
achieved. In this second time period, the second timer 15
emits a constant-level signal at its output.

FIG. 5 shows the fourth preferred embodiment of the first
circuit arrangement 4, wherein the output of the second
switching element 13 is connected by circuitry with the input
of'the second timer 15, the output whereof'is in turn connected
by circuitry with the input of the first timer 14, which in turn
controls the first switching element 12. Here the inputs of the
first timer 14 and of the second timer 15 are with special
preference edge-controlled.
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If a residual current signal which is greater than the pre-
defined value of the second circuit arrangement 13 is present
at the input of the second circuit arrangement 13, the second
timer 15 is activated, which then emits a signal at its output.
As the first timer 14 is connected by circuitry with the output
of the second timer 15, the latter is thereby activated. As the
first timer 14 is edge-controlled, it is only activated upon
activation of the second timer 15. Continuing into the second
time period, the first timer 14 can no longer be activated, as
the constant signal from the second timer 2 is present at its
input irrespective of what residual-current signals are occur-
ring.

FIG. 6 shows a fifth preferred embodiment of the first
circuit arrangement 4 wherein the first timer 14 has two
inputs. The output of the second circuit arrangement 13 is
connected by circuitry with the input of the first timer 14,
which controls the first switching element 12. Furthermore,
the output of the first timer 14 is connected with the inverted,
edge-controlled input of the second timer 15, the output
whereof is in turn connected by circuitry with a dominant
inverted status-controlled input of the first timer 14.

If in the fifth preferred embodiment a residual current
signal is present at the input of the second circuit arrangement
13 which is greater than the predefined value of the second
circuit arrangement 13, the first timer 14 is activated, which
then emits a signal at its output. At the end of the first time
period, the second timer 15 is then activated, as this is con-
nected by inverted edge control with the output of the first
timer 14. Inverted edge control means that the activation of
the second timer 15 occurs at the falling edge of the signal
from the first timer 14. As the output of the second timer 15 is
connected through circuitry with a dominant reset input of the
first timer 14, the second timer 15 suppresses repeated acti-
vation of the second timer 14 for the duration of the second
time period.

A sixth preferred embodiment, which is considered espe-
cially advantageous, has the features of the first and the fourth
preferred embodiments, which are shown in FIG. 1, FIG. 2
and FIG. 5.

The sixth preferred embodiment includes a residual current
detector 2, which converts the residual current into a residual
current signal, an amplifier, which actively amplifies the
residual current signal, a rectifier 3 for rectifying the residual
current signal, an energy storage component 5, a comparator
6, which compares the charge state of the energy storage
component 5 with a predefined value, a second amplifier,
which amplifies the signal of the comparator 6, and an actua-
tor 7, which drives the switching contacts 8 and can thus
interrupt the electric lines 9.

The sixth preferred embodiment has a first circuit arrange-
ment 4, the input whereof is connected by circuitry with the
output of the rectifier 3.

The first circuit arrangement 4 has a second circuit arrange-
ment 13, the input whereof is connected to the output of the
rectifier 3 and the output whereof is connected by circuitry
with the input of a second timer 15, the output whereof is in
turn connected through circuitry with the input of a first timer
14, which in turn controls the first switching element 12,
which in its closed state connects an output of the energy
storage component 5 with an electrical earth.

The residual-current circuit breaker 1 is thereby prevented
from tripping in the event of a residual current which is
shorter than half a period. Moreover, the second timer 15 in
the first circuit arrangement 4 prevents the first timer 14 from
repeatedly preventing tripping of the residual-current circuit
breaker in the case of consecutive short-duration residual
currents at brief intervals.
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A method for operation the above residual-current circuit
breaker 1 is described hereafter.

A residual current occurring in an electrical grid to be
monitored is detected by the residual current detector 2, the
residual current being converted into a residual current signal.

It is preferably provided that the residual current signal is
amplified.

Moreover, the residual current signal is also rectified.

Subsequently, an energy storage component 5 is charged
by the residual current signal.

Thereafter, the charge state of the energy storage compo-
nent 5 is compared with a predefined values in the comparator
6, which represents the tripping residual current.

If the charge state of the energy storage component 5 is
greater than the predefined value of the comparator 6, an
actuator 7 is activated, which operates the switching contacts
8 through which the electrical lines 9 of the grid to be moni-
tored are led, the electrical circuit being thereby interrupted.

Inthis connection it is preferably provided that the signal of
the comparator 6 is subsequently actively amplified.

Substantially simultaneously, the rectified residual current
signal is compared with a comparison value representing a
tripping residual current, tripping of the residual-current cir-
cuit breaker 1 being inhibited if the residual current signal is
greater than the comparison value.

Advantageously, the residual-current circuit breaker 1 can
be prevented from tripping and thereby interrupting the cir-
cuit, in the event of a residual current which is greater than the
tripping residual current, but of shorter duration than or equal
in duration to a half-period of the monitored electrical grid,
and therefore non-hazardous. The number of unnecessary
grid disconnections and their consequences can thereby be
reduced.

Tripping of the residual-current circuit breaker 1 can be
inhibited in various ways.

In the first preferred embodiment, the energy storage com-
ponent 5 can be discharged during the first time period fol-
lowing detection of a residual current.

In a second preferred embodiment the residual current
signal can be routed past the energy storage component 5
during the first time period following detection of a residual
current. The discharge of the energy storage component 5 can
thereby be prevented and the energy storage component 5
maintain the charge state, which the energy storage compo-
nent 5 had prior to the appearance of the residual current
signal.

According to another embodiment of the invention, the
comparator 6 and/or the actuator 7 can be inhibited during the
first time period.

According to an especially preferred embodiment of the
residual-current circuit breaker 1, inhibition of tripping is
prevented during a second time period following the first time
period.

In one variant of the invention, this can be accomplished by
preventing discharge of the energy storage component 5 dur-
ing a second time period following the first time period.
Repeated tripping of the residual-current circuit breaker 1 in
the event of consecutive short-duration residual currents at
short intervals can thereby be prevented.

The method for operating the sixth embodiment, consid-
ered especially advantageous, is described in detail hereafter.

In the sixth preferred embodiment, the residual current is
converted in a residual current detector 2 into a residual
current signal, the signal is then amplified and rectified by a
rectifier 3. Subsequently, an energy storage component 5 is
charged by the residual current signal and the charge state of
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the energy storage component 5 is compared with a pre-
defined value of the comparator 6, which represents the trip-
ping residual current.

If the charge state of the energy storage circuit 5 is greater
than the predefined value of the comparator 6, a signal is
emitted at the output of the comparator 6 which is subse-
quently amplified. An actuator 7 is activated by the amplified
signal of the comparator, which operates the switching con-
tacts 8 through which the electrical lines 9 of the network to
be monitored are led, the electrical circuit being thereby
interrupted.

In addition, the residual current signal from the rectifier 3 is
compared in a second circuit arrangement 13 with a pre-
defined value which represents the tripping residual current.
If the residual current signal exceeds this predefined value, a
second timer 15 is activated for the duration of the second
time period. A first timer 14 is activated by the second timer
15, whereupon the first timer 14 emits a signal for the first
time period. The first timer 14 is then only activated once in
the second time period. A first switching element 12 is trig-
gered by the first timer 14 during the first time period, which
discharges the energy storage component, as the output of the
energy storage component 5 is connected with an electrical
earth by the first switching element 12.

FIG. 7 shows a second preferred embodiment of a residual-
current circuit breaker 1 in terms of the concrete invention.
FIG. 9 shows a third preferred embodiment of a residual-
current circuit breaker 1, this being an especially preferred
development of the second preferred embodiment. Unless
otherwise stated, construction of the individual assemblies,
both of the residual-current circuit breaker 1 and of the first
circuit arrangement 4, corresponds to the statements made
regarding the first preferred embodiment of a residual-current
circuit breaker 1.

The second and the third preferred embodiment of a
residual-current circuit breaker 1 are distinguished from the
first preferred embodiment according to FIG. 1 particularly
by the construction of the first circuit arrangement 4, as well
as the range in which it affects the remaining assemblies of
the respective residual-current circuit breaker 1 in terms of
circuitry, and/or how it is connected with them.

According to this preferred embodiment according to FI1G.
7 through 9, it is provided that the first circuit arrangement 4
is constructed so as to interrupt a connection between the
residual-current detector 2 and the tripping circuit during the
first time period following detection of a residual current of
predefined magnitude. This is indicated in FIG. 7 only by a
connection of the first circuit arrangement 4 with the connec-
tion between the residual current detector 2 and the rectifier 3.
Further charging of an energy storage component 5 can
thereby be reliably halted and tripping prevented.

For this purpose it is particularly provided that the first
switching element 12 is connected by circuitry with the
residual current detector 2. Here it can be provided that the
first switching element 12 is constructed as a semiconductor
switch as previously described, but a mechanical breaker can
also be provided. Due to the short switching times achievable,
construction of the first switching element 12 as a semicon-
ductor switch is preferred. Here it is preferably provided that
the first switching element 12, in a driven state, breaks an
electrical connection between the residual-current detector 2
and the rectifier 3. Here it can also be provide that the con-
nection between the residual current detector 2 and the other
tripping circuit, particularly between the residual current
detector 2 and the rectifier 3, is not just simply broken, but
rather at least one of the two sides is switched to a definite
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potential, possible to earth. FIG. 8 shows such a preferred
embodiment, the remaining details of the first circuit arrange-
ment 4 not being discussed.

FIG. 9 shows an especially preferred third embodiment of
aresidual-current circuit breaker 1 which will be described in
detail:

The residual current detector 2 is constructed as a summa-
tion current transformer. This has so-called protective diodes
16 according to the preferred embodiment. These are diodes
connected with opposing polarity, which are preferably posi-
tioned on an additional winding around the core of the sum-
mation current transformer, which can be called a tertiary
winding. It can however also be provided that these are posi-
tioned on the secondary winding.

The first switching element 12 is positioned in terms of
circuitry at the output of the summation current transformer,
which provides the residual current signal, possibly following
the protective diodes. A definite load resistor 17, also called
an output load, is connected to this. Following this is con-
nected an amplifier circuit 18, the output whereof is con-
nected to the rectifier 3, which is connected on the output side
both to the first circuit arrangement 4 and to the energy
storage circuit or the energy storage component 5.

The energy storage component 5 is, as previously stated,
connected to the comparator 6, the output signal whereof is
amplified, according to the preferred embodiment, in another
amplification circuit 18, and is then conducted to an actuator
7, which bring about the separation of the switching contacts
if appropriate.

The first circuit arrangement has—as previously stated—
the second circuit arrangement 13, as well as the first and
second timers 14, 15, which control the first switching ele-
ment 12.

With regard to the preferred embodiments of the first cir-
cuit arrangement 4, particularly of the first and second timers
14, 15, the combination of every embodiment that was
described in connection with the description of the first pre-
ferred embodiment of a residual-current circuit breaker 1 is
explicitly provided with the other embodiments of a residual-
current circuit breaker 1. In particular, the construction of the
first circuit arrangement 4 according to FIG. 5 or 6 is provided
with the second or third embodiment of a residual-current
circuit breaker 1.

While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration and description are to be considered illustrative or
exemplary and not restrictive. It will be understood that
changes and modifications may be made by those of ordinary
skill within the scope of the following claims. In particular,
the present invention covers further embodiments with any
combination of features from different embodiments
described above and below.

The terms used in the claims should be construed to have
the broadest reasonable interpretation consistent with the
foregoing description. For example, the use of the article “a”
or “the” inintroducing an element should not be interpreted as
being exclusive of a plurality of elements. Likewise, the reci-
tation of “or” should be interpreted as being inclusive, such
that the recitation of “A or B” is not exclusive of “A and B,”
unless it is clear from the context or the foregoing description
that only one of A and B is intended. Further, the recitation of
“at least one of A, B and C” should be interpreted as one or
more of a group of elements consisting of A, B and C, and
should not be interpreted as requiring at least one of each of
the listed elements A, B and C, regardless of whether A, B and
C are related as categories or otherwise. Moreover, the reci-
tation of “A, B and/or C” or “at least one of A, B or C”” should
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be interpreted as including any singular entity from the listed
elements, e.g., A, any subset from the listed elements, e.g., A
and B, or the entire list of elements A, B and C.

The invention claimed is:

1. A residual-current circuit breaker comprising:

switching contacts;

a residual current detector configured to determine a
residual current signal, the residual-current circuit
breaker being configured to bring about an opening of
the switching contacts upon the detection of a residual
current greater than a pre-definable tripping current; and

a first circuit arrangement configured to inhibit tripping of
the residual-current circuit breaker when a residual cur-
rent occurs that has a duration that is shorter than halfa
period of a grid frequency of an associated electrical
grid,

wherein the first circuit arrangement includes a first
switching element,

wherein the first circuit arrangement includes a first timer
for controlling the first switching element during a first
time period, and

wherein the first circuit arrangement includes a second
timer for deactivating the first timer during a second time
period immediately following the first time period.

2. The residual-current circuit breaker according to claim

1, wherein the first circuit arrangement is configured so as to
deactivate and/or disable a tripping circuit of the residual-
current circuit breaker during the first time period.

3. The residual-current circuit breaker according to claim

2, wherein the first time period amounts to at least 50% of the
period of the electrical grid to be protected.

4. The residual-current circuit breaker according to claim

2, wherein the first circuit arrangement is configured so as to
discharge an energy storage component of the tripping circuit
during the first time period following detection of a residual
current of predefined magnitude.

5. The residual-current circuit breaker according to claim

2, wherein the first circuit arrangement is configured so as to
break a connection between the residual current detector and
the tripping circuit during the first time period following
detection of a residual current of predefined magnitude.

6. The residual-current circuit breaker according to claim

1, wherein the first circuit arrangement includes a second
circuit arrangement configured to compare the residual cur-
rent signal with a limiting value.

7. The residual-current circuit breaker according to claim

1, wherein the first switching element is connected through
circuitry with an energy storage component.
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8. The residual-current circuit breaker according to claim
7, wherein the first switching element, in a closed state, con-
nects an output of the energy storage component with an
electrical earth.

9. The residual-current circuit breaker according to claim
7, wherein the first switching element, in the closed state,
bridges an output of the energy storage component to earth.

10. The residual-current circuit breaker according to claim
1, wherein the first switching element is connected through
circuitry with the residual current detector.

11. The residual-current circuit breaker according to claim
1, wherein the first switching element, in a driven state, breaks
an electrical connection between the residual current detector
and a rectifier.

12. The residual-current circuit breaker according to claim
1, wherein the second time period is longer than the first time
period.

13. The residual-current circuit breaker according to claim
1, wherein one output of the second circuit arrangement is
connected through circuitry with an input of the first timer
and/or of the second timer.

14. The residual-current circuit breaker according to claim
1, wherein one output of the second timer is connected
through circuitry with an input of the first timer.

15. A method for operating residual current circuit breaker
of claim 1, the method comprising:

detecting a residual current;

generating a residual current signal;

charging an energy storage circuit by the residual current

signal;

comparing the residual current signal substantially simul-

taneously with a comparison value that represents a
tripping residual current; and

inhibiting tripping of the residual-current circuit breaker

for a duration of half a period of a grid frequency of an
electrical grid if the residual current is greater than the
comparison value.

16. The method according to claim 15, wherein, during a
first time period following detection of a residual current, the
energy storage component is discharged or an electrical con-
nection between the residual current detector and a rectifier is
broken.

17. The method according to claim 16, wherein, during a
second time period following the first time period, discharg-
ing of the energy storage component or breaking of the elec-
trical connection between the residual current detector and
the rectifier is prevented.
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